The set of coupled Faddeev equations for theKNN − πΣN system is derived and the reaction K − d → πΣn, for which measurements are currently performed at J-PARC, is analyzed based on it. The present results in which the transition to the πΣN system is treated perturbatively show a peak in the Λ(1405) resonance region, but no clear enhancement above theKN threshold as suggested by the preliminary data of the J-PARC experiment. We point out that the observed enhancement originates from the quasi-free scattering between the incident K − and one of the nucleons in the deuteron, and we argue for the necessity of including full πΣN three-body processes in a realistic calculation.
Introduction
This investigation is motivated by the J-PARC experiment E31 [1] , which aims at a spectroscopic study of the Λ(1405) resonance via the (K − , n) reaction on the deuteron. The properties of the Λ(1405) and, in particular, its structure is still a subject of intense studies and discussions, and reactions induced by K − could allow one to gain further insight into the characteristics of this resonance. Among previous theoretical predictions of this reaction which took into account single and double scattering processes [2, 3] , our analysis [2] showed that no clear peak is seen in the relevant energy region below theKN threshold for the beam momentum P K − =600 MeV/c. It thereby emphasized the necessity for a Faddeev-type calculation where all rescattering processes can be summed up to infinite order.
In this work we solve the Faddeev equation for the coupledKNN − πΣN systems. At present, KNN three-body scattering processes are fully incorporated, but the transition to the πΣN system is treated perturbatively with the two-body t-matrix t πΣ,KN . For theKN-πΣ system, the s-wave interaction (in the isospin basis) of a chiral unitary model by Oset and Ramos [4] is used.
In Sec. 2, we describe the formalism which is employed in our calculation of the K − d → πΣ n reaction. In Sec. 3, the results obtained at the moment are discussed and compared with the preliminary results [5] presented by the E31 experimental group at this conference.
Coupled Faddeev Equations forKNN − πΣN
We start by describing briefly the derivation of the Faddeev equations for theKNN −πΣN coupled system, following Ref. [6] . The nucleon present in the πΣN system can be either of the two contained inKNN. Clearly theKNN part of the wave function has to be antisymmetrical under exchange of the two nucleons, and the part describing πΣN should reflect that. This feature can be formulated by the generalized Pauli principle introduced in Ref. [6] .
Let us first illustrate the Faddeev equations for a simpler case, namely for three particles numbered 1, 2 and 3, with 2 and 3 being identical. As is well known, the equations read
(1)
where ϕ i indicates an incoming wave antisymmetrized with regard to 2 and 3. Note that the total wave function Ψ = ψ (23) + (1 − P 23 ) ψ (12) is antisymmetrical under exchange of particles 2 and 3.
For theKNN − πΣN system we introduce particle labels, in addition to the usual space and spin labels, in the form | aαβ ⟩. The particle labels denote {aαβ} = {KNN, πΣN, πNΣ }, and the state
The completeness relation in that particle space is given by
Using the basis mentioned above and imposing antisymmetry, P 23 Ψ = −Ψ, one can construct the coupled Faddeev equations which are appropriately antisymmetrized with respect to the two nucleons,
where the Faddeev components, for example ψ
The breakup wave function into the "physical" πΣN channel is expressed as
It is a standard procedure to extract various breakup amplitudes from each individual kernel of the set of Eqs. The full amplitude for the K − d → πΣN reaction is then obtained from
In practice, we solve the coupled equations for the components of the amplitude defined above, which have the same structure as the set of Eqs. (4-8).
Results and discussion
At present we do not solve the full set of Eqs. (4-8) . The three-body scattering process ofKNN → KNN is entirely incorporated, but the transition to the πΣN system is treated perturbatively with the two-body t-matrix t πΣ,KN added at the end of the multiple scattering processes of K − d → πΣn. (This is equivalent to setting ψ The results for the reaction d (K − , n) πΣ are shown in Figs. 1 and 2 . We choose p K − = 1 GeV/c for the K − beam momentum and θ n = 0 • for the neutron angle, considering the kinematics of the J-PARC experiment [1] . As is seen in Fig.1 (left panel) , the invariant-mass spectra of the π − Σ + and π 0 Σ 0 final states show peaks below theKN threshold (1435 MeV) that correspond to the Λ(1405).
At this conference preliminary results of the E31 experiment were presented [5] , the lineshape of the sum of π − Σ + and π + Σ − events. To compare with those we add up the cross sections for the two charge states and show the resulting lineshape in Fig. 1 (right panel) . Clearly our lineshape which is characterized by a cusp at the threshold is in disagreement with that of the E31 experiment where a peak above the K − p threshold (i.e. at around 1460 MeV) dominates, while only a moderate shoulderlike enhancement is seen just below the threshold (see Ref. [5] ). To shed light on this discrepancy, we consider the πΣ invariant-mass spectrum in the isospin basis. Corresponding results for I = 0 and I = 1 are displayed in Fig. 2 . One can see a pronounced peak due to the Λ(1405) in the I = 0 spectrum, generated by the two-body t-matrix t πΣ,KN . In addition for both isospin channels bumps appear above theKN threshold, specifically around 1445 MeV for I = 0 and around 1465 MeV for I = 1. We have found that these bumps can be attributed to the quasi-free scattering ( QFS condition. However in Fig. 2 , this peak is shifted and deformed by the final-state interaction that generates the Λ(1405) in the I = 0 spectrum, and also by the Λ(1670) resonance which affects the initial-state interaction in the I = 1 πΣ spectrum. Therefore, we conclude that the pronounced peak above theKN threshold observed in the spectrum of the E31 experiment originates from the QFS between the K − and the N. Such a peak by QFS arises also in the spectrum produced by our calculation (Fig. 2 ) . However, it is overshadowed by the much stronger signal due to the Λ(1405), and hence completely masked in the result in Fig. 1 (right  panel) . As already mentioned, in the present calculation the transition to the πΣN system is treated perturbatively. Since the inclusion of πΣN three-body processes is expected to have a non-negligible influence, especially below theKN threshold, it could reduce the Λ(1405) peak and, thereby, it could make the enhancement resulting from QFS more prominent [7] . We are currently extending our code with the intention to include those processes in our study.
In summary, we have solved the coupled Faddeev equations for theKNN − πΣN system and predicted the πΣ invariant-mass spectra for the K − d → πΣn reaction, treating the transition to thē KNN − πΣN perturbatively. The lineshape of the sum of π − Σ + and π + Σ − events shows a cusp at thē KN threshold. However, there is no visible peak originating from QFS betweenK and N as suggested by the preliminary data of the E31 experiment. Possibly calculations including fully the three-body πΣ n processes could be necessary to reproduce the features observed in the experiment and we intend to extend the present work in this direction.
